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METHOD AND APPARATUS FOR RECEIVER
ADAPTIVE PHASE CLOCKED LOW POWER
SERIAL LINK

FIELD OF DISCLOSUR.

(Ll

The present disclosure relates to hardwire bus communi-
cations and, more particularly, to parallel-to-serial communi-
cation.

BACKGROUND

Communication of multi-bit data from a source to a
receiver may be performed by converting the multi-bit data
into a serial bit stream, transmitting the serial bit stream to the
receiver, and then at the recerver converting the senal bit
stream back 1nto multi-bit data. Reasons for communicating
multi-bit data as a serial bit stream, as opposed to transmitting,
its multiple bits concurrently over a multi-line bus, 1include
limitations on bus width.

Converting an N-bit multi-bit data 1nto a serial bit stream
typically begins by clocking all N-bits together, broadside,
into a parallel-in-serial-out shift register and then applying N
clocks of a serializer clock SCK to shiit the N-bits out through
a serial output as N consecutive bits. If the N-bit data rate 1s
substantially continuous at FS N-bit words per second, then
the rate of the serial bit stream, 1n bits per second (BPS) must
equal N multiplied by FS. The senalizer clock SCK {ire-
quency must therefore be the same as that BPS.

In conventional serial bit stream communications the
recerver must erther receive the serializer clock SCK with the
bit stream or locally generate the same SCK used. By the
serializer/transmitter, frequency and phase locked to the bat
stream, Local generation of the SCK requires the receiver
have substantially the same high speed clock generating capa-
bility as the senalizer/transmitter and, 1n certain applications,
this may be less than optimal. Such applications may there-
fore require the serializer/transmitter transmit the sernalizer
clock SCK to the recerver. There are two means to perform the
transmission. The first1s to embed SCK 1n the serial bit stream
signal, from which the receiver may recover SCK. However,
for reasons known to persons of ordinary skill in the art, 1n
certain applications communication using an embedded
clock signal may be not optimal. The second means for com-
municating SCK {from the senializer/transmitter to the
receiver 1s by a separate transmission line.

The related art FIG. 1 shows such a conventional separate
clock line communication system 100. The communication
system 100 includes a conventional serializer/transmitter 102
having n serializer 103 for converting multi-bit data to a serial
bit stream, a conventional receiver 104, and two lines extend-
ing from the former to the latter, one being a serial bit trans-
mission line 106, the other being the separate SCK, clock
transmission line 108 for the serializer SCK generated by the
SCK generator 109. In addition, the conventional serializer/
transmitter 102 includes a clock line driver 110, and the
conventional receiver 104 includes a clock receiving butfer
112. In operation the conventional serializer/transmitter 102
clock line driver 110 drives the clock transmission line 108
with SCK, the conventional receiver 104 receives the trans-
mitted SCK, adjusts the phase through a phase rotator 114 to
obtain optimal sampling, and uses it to clock the phase shifted
sampler 116.

Such conventional means as depicted by the related art
FIG. 1 for senalizing N-bit data into a bit stream, communi-
cating the bit stream and the seralizing clock, recovering the
serial bits and re-converting these recovered serial bits to
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parallel N-bit data, has various shortcomings One example
shortcoming is the power required for its serializer/transmit-

ter 102 to forward the serializing clock to the recerver 104.
The total of this power consumed 1n forwarding SCK signal
includes the power draw of the clock line driver (e.g., 110)
within the senalizer/transmitter 102 and the power draw of
the clock receiving bufler (e.g., 112) 1n the receiver 104.

SUMMARY

Exemplary embodiments of the mvention are directed to
systems and methods for receiving and sampling a serial bit
stream to recover the bits without receving the serializing
clock.

One embodiment provides a method for recovering bits
from a serial bit stream signal having a given bit rate, and may
include recerving the serial bit stream signal concurrently at R
different phase shifted samplers. Where R 1s at least two,
triggering the R phase shifted samplers, one at a time, each at
a corresponding one sampling time from among R consecu-
tive sampling times spaced according to the inverse of the bit
rate, to obtain at R phase shifted samplers a block of R
consecutive bits of the serial bit stream signal.

In one aspect the serial bit stream signal may carry N-bit
data, and the method may further include repeating the latch-
ing of the R phase shifted samplers and, at each repeat, recov-
ering another block of R bits of the N-bits, until N parallel bits
are obtained.

In one aspect the serial bit stream signal may comprise bits
of a first signal and a second signal, in an alternating
sequence, and the triggering of the R phase shifted samplers
may obtain at a first plurality of the R phase shifted samplers
a block of a first plurality of consecutive bits of the first signal,
and may obtain at a second plurality of the R phase shifted
samplers a block of a second plurality of consecutive bits of
the second signal.

In one related aspect, the consecutive sampling times alter-
nate in sequence between even sampling times and odd sam-
pling times, and each of the first plurality of the R phase
shifted samplers may be triggered at a corresponding one of
the even sampling times and each of the second plurality of
the R phase shifted samplers may be triggered at a corre-
sponding one of the odd sampling times.

Methods according to one embodiment, 1n one aspect, may
further include comprising generating an R-phase sampling
trigger, wherein each phase may correspond to one of the
sampling times. In one further aspect, methods according to
one embodiment may include detecting a phase difference
between the R-phase sampling trigger and the serial bit
stream signal, and generating an R-phase sampling trigger
may include adjusting a phase of the R-phase sampling trig-
ger relative to the serial bit stream signal, based on a result of
detecting a phase difference.

One example apparatus for receiving a serial bit stream
according to one exemplary embodiment may include means
for receiving a serial bit stream signal having a bit rate of
SBPS bits per second, means for generating a local clock
having a frequency less than SBPS, means for generating R
clock phases of the local clock, the R clock phases being
separated 1n time by an interval 1/FB, and means for trigger-
ing R phase shifted samplers, each having an input coupled to
the signal mput, with a corresponding one of the R clock
phases.

In one aspect, each triggering of the R phase shifted sam-
plers captures the serial bit stream signal at the edge of its
respective clock phase, to produce a corresponding set of R
consecutive samples of the serial hit stream signal, spaced 1n
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time by 1/SBPS. In another aspect, an apparatus according to
one exemplary embodiment may include means for detecting
a phase difference between a preceding sequence of R phase
delayed sampling edges and the senial bit stream signal. In
one related aspect, a means for generating an R-phase sam-
pling trigger may include means for generating M phases of
the local clock, where M 1s at least an mteger multiple of R,
having M candidate phases, means for selecting the R phases
from among the M phases, and means for adjusting a phase of
the R-phase sampling trigger relative to the serial bit stream
signal, based on a result of detecting a phase difference.

According to one exemplary embodiment, one apparatus
for recovering bits from a serial bit stream signal having a
given bit rate may include R different phase shifted samplers
for concurrently receiving the serial bit stream signal, and
means for triggering the R phase shifted samplers, one at a
time, at sampling times spaced according to the inverse of the
bit rate, to obtain at R phase shifted samplers a block of R
consecutive bits of the seral bit stream signal.

According to another exemplary embodiment, one appa-
ratus for recovering bits from a serial bit stream signal having,
a given bit rate may include a serial bit stream recerver having
an input and an output, a plurality of R different phase shifted
samplers, each having a signal input coupled to the output of
the serial bit stream receiver, and each having a triggering,
input, and an R-phase sampling trigger generator, having R
phase taps each outputting a corresponding one of R equally

spaced triggering phases, and each tap coupled to a corre-
sponding one of the R phase shifted samplers.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are presented to aid in the
description of embodiments of the invention and are provided
solely for 1llustration of the embodiments and not limitation
thereof.

Related art FIG. 1 illustrates an example conventional sys-
tem for serialization, communication, and recovery of N-bit
data.

FIG, 2 1s a simplified functional block diagram of one
example system for serial communication of N-bit data
according to one or more exemplary embodiments.

FIG. 3 1s a timing diagram of an example control of sam-
pling phase 1n a process according to one or more exemplary
embodiments.

FI1G. 4 1s a functional block diagram of one example system
for serial communication of J-bit in-phase (I) and quadrature
(Q) data according to one or more exemplary embodiments.

FIG. 5 1s a sitmplified schematic of a senializer circuit for a
serial communication system or method according to one or
more exemplary embodiments.

FIG. 6 1s a simplified schematic of a shared current seral-
1zer according to one aspect of a serial communication system
and method according to one or more exemplary embodi-
ments.

FIG. 7 1s a functional block diagram of example personal

computing devices according to one or more exemplary
embodiments.

DETAILED DESCRIPTION

Aspects of the mvention are disclosed 1n the following
description and related drawings directed to specific embodi-
ments of the invention. Alternate embodiments may be
devised without departing from the scope of the ivention.
Additionally, well-known elements of the invention will not
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4

be described, 1n detail or will be omitted so as not to obscure
the relevant details of the invention.

The word “exemplary” 1s used herein to mean “serving as
an example, instance, or 1illustration.” Any embodiment
described herein as “exemplary” 1s not necessarily to be con-
strued as preferred or advantageous over other embodiments.
[Likewise, the term “embodiments of the invention” does not
require that all embodiments of the ivention include the
discussed feature, advantage or mode of operation.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of embodiments of the invention. As used herein, the
singular forms “a”, “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises”, “comprising,”’, “includes™ and/or “including”, when
used herein, specily the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, components, and/
or groups thereof.

Further, many embodiments are described in terms of
sequences of actions to be performed by, for example, ele-
ments of a computing device. It will be recognized that vari-
ous actions described herein can be performed by specific
circuits (e.g., application specific 1ntegrated circuits
(ASICs)), by program instructions being executed by one or
more processors, or by a combination of both. Additionally,
these sequence of actions described herein can be considered
to be embodied entirely within any form of computer readable
storage medium having stored therein a corresponding set of
computer mstructions that upon execution would cause an
associated processor to perform the functionality described
herein. Thus, the various aspects of the mvention may be
embodied in a number of different forms, all of which have
been contemplated to he within the scope of the claimed
subject matter. In addition, for each of the embodiments
described herein, the corresponding form of any such
embodiments may be described herein as, for example, “logic
configured to” perform the described action.

In a communication system according to various exem-
plary embodiments a serializer/transmitter serializes, using a
serializing clock SCK, multi-bit data into a serial bit stream
SD having a given BPS of SBPS and transmits SD to a
receiver/data recovery processing resource. According to
various exemplary embodiments the receiver/data recovery
processing resource 1s configured and arranged to perform
recovery of the bits from the recerved SD without recerving
the SCK. In one or more aspects the recerver/data recovery
processing resource may be configured and arranged with a
plurality of R phase shifted samplers, and means to trigger the
R phase shifted samplers using a multi-phase trigger. Further
to this aspect the receiver/data recovery processing resource
may include means to trigger the multi-phase trigger at a
substantially lower frequency than SBPS or SCK, 1n one
aspect at a rate of SBPS/R or SCK/R, and to collectively
capture at each triggering a block of R consecutive bits of SD.
In one farther aspect, the receiver/data recovery processing
resource may be configured and arranged to convert the
blocks of R consecutive bits back to the N-bit data.

As will be appreciated from this disclosure, communica-
tion systems according to the exemplary embodiments obvi-
ate the SCK forwarding required by conventional serializing
communication systems as depicted by the related art FIG. 1.
Among other benefits obtained by obviating the SCK for-
warding, 1s the immediate obviating of the SCK clock trans-

mission line extending to the recerver, as well as the SCK
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clock recerving butler 1n the recerver, both which are required
by the related art FIG. 1 serializing communication system
100. As will be readily appreciated by persons of ordinary
skill 1n the art, removal of these components and their asso-
ciated overhead provides, among other benefits, removal of
their respective power consumptions.

FI1G. 2 1s a functional block diagram of one phase sampling,
communication system 200 according to one or more exems-
plary embodiments. The FIG. 2 phase sampling communica-
tion system 200 may include a serializer/transmaitter unit 202
teeding, a serial bit line 204 coupled to a receiver/data recov-
ery unit 206. A reference clock generator 208 provides a
reference clock REF_CLK having a frequency of REF_FQ.
The frequency REF_FQ may be an integer sub-multiple of,
and significantly lower than, the specified bit per second
(SBPS) bit rate of the serial bit stream to be carried by the
serial bit line 204. The serializer/transmitter umt 202 may
include a phase-locked loop (PLL) 210 that, based on the
REF_CLK, generates a serializer clock SCK. In one aspect
the frequency of SCK may be SBPS.

It will be understood that a serializer/transmitter according,
to the senializer/transmitter umit 202 may be configured to
serialize two multi-bit data flows, one by arising edge of SCK
and one by the falling edge of SCK, and transmit the two
serial bit streams as one, e,g., by time division multiplexing.
The actual SBPS of such a combined serial bit stream would
be 2*SCK. Therefore, to avoid having to repeat qualifying
statements 1n later description regarding the rate of SCK
relative to SBPS, 1t will be understood that the “rate of SCK”™
or the “frequency of SCK” means the rate or frequency of
SCK events used as a clock. For example, if both the rising
and falling edge of SCK are used in an operation, then the
“rate of SCK” or the “frequency of SCK” may mean two
times the cycle rate of SCK.

Referring still to FIG. 2, the serializer/transmaitter unit 202
may receive a flow PD of parallel bit N-bit words, or may
include a data source 212 of the flow PD of N-bit words, at a
rate of FS_PD words per second. The data source 212 may, for
example, be an N-bit ADC. The flow PD 1s fed broadside to
serializer unit 214 configured to convert the flow PD mto a
serial bit stream SD having at a bit rate of SBPS bits per
second. With respect to specific structure of the serializer unit
214 such structure may, according to one aspect, be 1n accor-
dance with a conventional serializer structure and therefore,
for that one aspect, further detailed description 1s omitted.
Alternative structures will he described in reference to FIGS.
5 and 6, at later sections of this disclosure.

With continuing reference to FIG. 2, a line driver or butler
218 may recerve SD and output it as SD_OUT to the serial bat
line 204. The SD_OUT signal 1s received as SD_RCV by a
receiving builer 219 of the recerver/data recovery unit 206.
The recerving butifer 219, in turn, distributes SD_RCV con-
currently to each signal input (shown by not separately num-
bered) of a bank 220 of R phase shifted samplers 220-1 . . .
220-R, generically referenced as 220-j, Each phase shifted
sampler 220~ 1s configured. to latch and maintain on its
output (shown but not separately numbered), 1in response to a
given phase 1t recerves at its trigger input (shown but not
separately numbered) from an R-phase trigger signal, a
sample of the SD_RCV. In one aspect, each phase shifted
sampler 220-/ may include a binary threshold comparator or
equivalent function to generate 1ts sampled output as a binary
value, corresponding to one of “0” or “1.”” For consistent
reference of timings 1n describing example processes accord-
ing to the exemplary embodiments, the phase shifted sam-
plers 220-j are assumed as rising edge triggered. Persons of
ordinary skill in the art, though, can readily adapt this disclo-
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sure to phase shifted samplers 220-; that are other than rising
edge triggered. With respect to specific structure, it will be
understood that individual phase shifted samplers 220-/ may
be implemented 1n accordance with conventional binary out-
put, clocked, sample-and-hold circuaits.

Referring still to FIG. 2, according to one aspect the phase
shifted samplers 220-j are controlled by a separate clock
phase from a set of R clock phases, for example equally
spaced trigger phases from an R-phase sampling trigger gen-
erator 222, to sample SD_RCV at a set of R consecutive
sampling istants, or sampling times, equally spaced 1n time
by T, which 1s 1/SBPS, the bit period of SC_RCYV. Further to
this aspect, the R-phase sampling trigger generator 222 may
include a phase adjustment means, as described in greater
detail at later sections, to maintain the set of R equally spaced
trigger phases, and thus the R equally spaced, consecutive
sampling 1nstants, optimally within the bit intervals (each T
wide)of SD_RCV. Aswill also be described, the arrangement
of R phase shifted samplers 220-j thereby collectively cap-
tures, 1n response to each successive set of R trigger phases
from the R-phase sampling trigger generator 222, a block of
R consecutive bits from SD RCV.

In one aspect, the phase adjustment means of the R-phase
sampling trigger generator 222 may include an M-phase sig-
nal generator, for example an M-phase PLL 224, that gener-
ates, based on a local clock that may be REF_CLK, an
M-phase signal or M-phase clock STC. The M phases of each
cycle of STC may be M candidate phases, STC-1, STC-2 . ..
STC-M, generically “STC-K” from which an R-phase sam-
pling trigger may be selected, with M being an integer mul-
tiple of R, as will be described 1n greater detail below. The
M-phase PLL 224 may, for example be embodied as an M/2
stage diflerential ring oscillator PLL, arranged to oscillate at
STC_FQ, having M taps (not explicitly shown) coupled to
M/2 differential voltages (not explicitly shown). The specific
circuitry of the M-phase PLL 224 1s notnecessarily specific to
the embodiments and, therefore, the M-phase PLL 224 may
be 1n accordance with conventional multistage differential
ring oscillator structures. The M candidate phases STC-k are
preferably equally spaced around the STC cycle, 1.e., 2p1e/M
radians apart.

It will be understood that since M 1s an integer multiple of
R, there exists within the M candidate phases STC-k a quan-
tity M/R of candidate sets of R equally spaced phases, from
which a set R of equally spaced trigger phases may be
selected to control the bank 220 of R phase shifted samplers.
Each of these M/R candidate sets of R equally spaced phases
1s staggered (either advanced or delayed) incrementally by
2p1e/M radians or T/M seconds relative to 1ts nearest neigh-
boring set. Upon selection of one of the M/R candidate sets of
R phases, the selected set becomes the R-phase sampling
trigger ST, the phases individually referenced ST-1, ST-2 . ..
ST-R and generically as ST-j. Each ST-j controls a corre-
sponding one of the phase shifted samplers 220-/.

Referring still to FIG. 2, in one aspect phase adjustment
may include a phase selector 226 controlled to select a par-
ticular one of the M/R candidate phases of SIC as the R-phase
sampling trigger ST, each phase ST-1, ST-2 . . . ST-R control-
ling a respective one of the R phase shifted samplers 220,
namely 220-1 . .. 220-R, respectively. In one aspect a phase
error detector 228, which may be fed a given reference phase
of the M candidate phases of STC, detects a phase difference
between an R-phase sampling trigger ST and the bit bound-
aries within SD_RCYV to generate a phase error signal PER.
Further to this one aspect a controller 230, based on PER from
the phase error detector 228, controls the phase selector 226
to select, as the R-phase sampling trigger ST, the R equally
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spaced phases among the M candidate phases SIC that best
align within the bit intervals of SD_RCYV, e.g., providing the
optimum signal-to-noise ratio and, therefore, lowest bit error
rate (BER).

As will be appreciated by persons of ordinary skill in the 5
art, each R-phase sampling trigger ST, having its R phases
aligned 1n phase with SD_RCV as previously described,
causes the R phase shifted samplers 220-j to collectively
capture another block of R consecutive bits of SD_RCV.
Referring still to FIG. 2, 1n one aspect each of the R phase 10
shifted samplers 220-j may feed a corresponding latch 232-7.
More particularly, phase shifted sampler 220-1 may feed a
latch 232-1, continuing to phase shifted sampler 220-R feed-
ing latch 232-R. Each of the latches 232-7 may be clocked by
the same rising edge that triggers its corresponding phase 15
shifted sampler 220-/. For example, sampling phase ST-1
may cause the first phase shifted sampler 220-1 to capture
anew bit value of SD RCV and also cause the latch 232-1 to
latch the previously captured. bit value SD_RCB from that
phase shifted sampler 220-1. Therefore, each successive 20
cycle of the R-phase sampling trigger ST, through 1ts phases
ST-1...ST-R, causes the latches 232-1 . . . 232-R to latch
sequentially, one after the other, another bit of the block of R
consecutive bits from SD_RCV that their corresponding
phase shifted samplers 220-1 . . . 220-R captured by the 25
previous cycle of ST.

Referring still to FIG. 2, in one aspect the above-described
sequential latching by the latches 232-1 . . . 232-R may be
employed to sequentially feed an N-bit sernial-in-parallel-out
register 234. More particularly, according to this one aspect 30
cach successive cycle of the R-phase sampling trigger ST,
namely phases ST-1 . .. ST-R, causes another block of R bits
from SD_RCYV to be sequentially clocked into the serial-in
port (shown but not separately numbered) of the N-bit serial-
in-parallel-out register 234. Still further, the parallel-out port 35
234 A of the N-bit serial-in-parallel-out register 234 may be
clocked by a divide by N/R divider 236 that in turn, 1s clocked
once every STC clock cycle. The N/R divider may be
included 1n the R-phase sampling trigger generator 222. As
readily understood, since each STC cycle causes the latches 40
232-1...232-R to clock another R bits 1into the N-bit serial-
in-parallel-out register 234, aiter N/R cycles of STC, another
N-bit word may be clocked out With respect to alignment of
the N/R divider 236 with the N-bit word boundaries, various
means will become apparent to persons of ordinary skill in the 45
art from this disclosure,

It will be understood that the exemplary embodiments may
be practiced with a wide range of values for M, R, REF_FQ
and SBPS. Relevant relationships among the values are
readily understood by persons or ordinary skill in the art from 50
this disclosure Further, such persons will be enabled, from
this disclosure 1n combination with the general engineering,
methods and know-how such persons possess, to select values
for these parameters to meet application-specific require-
ments. 55

To 1llustrate various concepts, one arbitrary set of example
values for M and R of M=16 and R=4 will be selected. It will
also be assumed, for this example, that the M-phase PLL 224
1s formed as a ring oscillator PLL having four taps. The
specific value of SBPS, and hence frequency of SCK 1s not 60
relevant, but as can be understood the M-phase PLL 224 will
oscillate at an STC_FQ of SCK/4. It will be understood that
these example values for M and R are only for purposes of
describing various concepts without unnecessary complexi-
ties, and are not intended as limiting the scope of practices 65
according to or within any embodiment. Example processes
of phase adjustment, as may be performed by the phase selec-
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tor 226, controlled by the controller 230 based on the phase
error signal PER from the phase error detector 228, and using
these arbitrary set of values for M and R, will be described.
In one example process to adjust the phase of the sampling,
starting at an arbitrary phase T0 1n each cycle of STC the
following may be generated by the M-phase PLL 224: a first
of 1its M taps (not shown) outputs a candidate phase STC-1,
and 2p1e/16 radians or T/16 seconds later, a second of 1ts M
taps (not shown) outputs a candidate phase STC-2, and this
continues at subsequent taps of the M taps every 2pie/16
radians or T/16 seconds until the 16™ tap outputs a candidate
phase STC-16 (corresponds to STC-M on FIG, 2). The 16

consecutive candidate phases of STC, spaced 2pie/16 radians
or 1/16 seconds apart, provide 4 of the R phase sample trig-
gers ST, with all 4 of the phases spaced equally by 2pie/R.
More particularly, 1n this example the first selection for the
4-phase ST may be the STC candidate phases at 0, 90, 180,
and 270 degrees; the second selection for the 4-phase ST may

be the STC candidate phases at 22.5, 112.5, 202.5, and 292.5

degrees; the third selection may be the STC candidate phases
at45, 135,225, and 315 degrees, and the fourth selection for
the 4-phase ST may the STC candidate phases at 67,5, 157.5,
24°7.5 and 337,5 degrees.

Continuing with the above-described example. In one
illustrative phase adjustment process an 1nitial state of the
phase selector 226 may select the first 4-phase ST, meaning
the STC candidate phases at 0, 90, 180, and 270 degrees.
Accordingly, first phase shifted sampler 220-1 samples
SD_RCV at 0 degrees (or T0); second phase shifted sampler
220-2 samples SD_RCV at 90 degrees (or T0+T); third phase
shifted sampler 220-3 samples SD_RCV at 180 degrees (or
T0+42T); and fourth phase shifted sampler 220-4 samples
SD_RCV at 270 degrees (or T0+37T). If this timing of the first
4-phase sampling trigger ST 1s not acceptably aligned with
the current SD_RCYV the phase error detector 228 detects an
unacceptable error. In response, the controller 230 may cause
the phase selector 226 to pick the second selection for the
4-phase sampling trigger ST. This will change the triggering
of the phase shifted samplers 220 such that the first phase
shifted sampler 220-1 samples SD_RCV at 22.5 degrees; the
second phase shifted sampler 220-2 samples SD_RCV at
112.5 degrees; the third phase shifted sampler 220-3 samples
SD_RCV at 202.5 degrees; and the fourth phase shifted sam-
pler 220-4 samples SD_RCV at 292.5 degrees.

The above-described example process may continue 1n an
iterattve manner until an acceptable phase error (e.g., phase
error signal PER) 1s detected by the phase error detector 228,
or another given termination condition 1s met. For example, 1f
an acceptable phase error cannot be maintained the controller
230 may generate a notitying signal. It will also be under-
stood that the controller 230 may continue to momnitor the
phase error detector 228 and, upon detection of unacceptable
phase error, may control the phase selector 226 to select
another of the M candidate phases of STC.

As previously described, 1n addition to a wide range for M
and R the exemplary embodiments contemplate applications
to a wide range of SBPS, and hence example frequencies of
SCK, as well as example frequencies of REF_CLK. As one
illustration, referenced to the above-described example val-
ues ol M=16 and R=4, the contemplated ranges of such value
may extend over and include an SCK o1 980 MHz, an example
bit rate of 980 Mhps (or 1.92 Gbps with a transmitter/serial-
izer 202 utilizing the rising and falling edges o SCK); and an
example frequency REF_FQ of 19.2 MHz. As will be under-
stood from this disclosure, this example set of values for
SCK, REF_FQ, M and R, shows a frequency for STC of




US 8,687,752 B2

9

SCK/R=960 Mbps/4=235 MHz, or 1.92 Gbps/4=470 MHz 11
the rising and falling edges of SCK are used by the transmit-
ter/serializer unit 202.

FIG. 3 shows one example timing 300 of one phase align-
ment process according to a phase selection aspect of various
exemplary embodiments. Example operations corresponding
to the timing 300 are described 1n reference to the FIG. 2
communication system 200, and with an example M=16 and
an example R=4. Persons of ordinary skill in the art can
readily adapt the FIG. 3 illustration of concepts to systems
according to the exemplary embodiments using other values
of M and R. Therefore, as previously described, the M-phase
PLL 224 effectively outputs four sets of 4-phase sampling
triggers ST, for triggering four phase shifted samplers 220.
The FIG. 3 example 300 shows along a time axis 301 an
example series of four bits as embodied 1n, or carnied by a
serial bit stream signal such as SD_RCV. The four example
bits are labeled respectively as B1T0, BT1, BT2, and BT13, and
referenced generically as BTX. The example value of the bits
BTX, “1010” 1s arbitrary. For purposes of describing con-
cepts 1t will he assumed that these depicted values of the four
bits BTX repeat for every iteration of changing the phase
selector 226.

Referring still to FIG. 3, it will be understood that the
depicted wavetorms of the BTX bits are suificient for describ-
ing an example phase alignment according to exemplary
embodiments, but are not necessarily representative in detail
of an actual waveform of an SD_RCV. As shown, all of the
bits BTX have the same period T, which 1s the inverse of the
bit rate SBPS. For purposes of phase reference, the centers of
BT0, BT1, BT12, and BT3 are labeled CNO0, CN1, CN2 and
CN3, respectively. Also, for purposes of showing example
iterations of controlling the phase selector 226, the centers
CNX are referenced as the optimal sampling point. It will be
understood that this 1s only an example optimal point for the
phase shifted samplers 220 to respectively sample bits within
SD_RCV. Persons of ordinary skill in the relevant arts can
casily adapt the FIG. 3 timing, and illustration of concepts, to
a phase alignment operation using other than the centers CNX
as the optimal sampling point.

With continuing reference to FIG. 3, in one example 1nitial
state the phase selector 226 may select, from the 16 candidate
sampling triggers STC, a first 4-phase sampling trigger ST 1s

shown as selection 304. This first 4-phase sampling trigger
includes a phase ST-1 at the edge 304 A; an ST-2 at the edge

304B, an S'T-3 at the edge 304C and a phase ST-4 at the edge
304D. Theretore, 1n accordance with the FIG. 2 communica-
tion system 200, edge 304A triggers a first phase shifted
sampler 220-1; edge 304B triggers a second phase shifted
sampler 220-2; edge 304C triggers a third phase shifted sam-
pler 220-3; and edge 304D triggers a fourth phase shifted
sampler 220-4. For purposes of reference, edges 304 A, 3048,
304C and 304D may be assigned as being 0, 90, 180, and 270
degrees. As shown in FIG. 3, at this first selection 304 there 1s
a phase difference E0Q between the center of CNO of bit BT0
and the rising edge 304 A. It will be understood that since the
remaining edges 3048, 304C and 304D are equally spaced,
the same error EQ occurs ineach of BT1, BT2 and BT3. In the
FIG. 3 depicted example, it 1s assumed that E0 1s determined
unacceptable by the controller 230. Therefore, in this
example, EQ causes the controller 230 to control the phase
selector 226 to select a second 4-phase sampling trigger ST
from the 16 candidate sampling triggers STC. The second
4-phase sampling trigger ST 306 comprises edges 306A,
3068, 306C and 306D, and 1s advanced (or could be delayed)
in phase relative to the first 4-phase sampling trigger ST 304,
by 22.5 degrees. The edges 306A, 3068, 306C and 306D
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therefore occur at -22.5, 67.5, 157.5, and 247.5 degrees,
respectively, As depicted at FI1G. 3, this second 4-phase sam-
pling trigger ST produces an error F1.

Continuing with the above-described example phase align-
ment process 1n reference to FIG, 3, 1t will be assumed that
E1, like E0, 1s determined unacceptable by the controller 230.
The controller 230 therefore causes the phase selector 226 to
select a third 4-phase sampling trigger ST 308 from the 16
candidate sampling triggers STC, advanced another 22.5
degrees. Referenced according to phases, the edges 308A,
308B, 308C and 308D will occur at =45, 45, 135, and 225
degrees, respectively. In the FIG. 3 example timing 300, this
third 4-phase sampling trigger ST 1s substantially aligned
with the bit centers CNX, and therefore produces an accept-
ably low error (not labeled).

Referring to FIGS, 2 and 3, 1t will be understood that an M
value of 16 1s only one example and that a higher value, such
as 32, 64 or higher may be selected. As readily apparent, the
higher the value of M relative to R the finer the granularity of
adjusting the phase of the sampling triggers ST. Likewise, an
R of four 1s only one example, and a higher value, such as
eight, 16 or higher may be selected. As will also be readily
apparent to persons of ordinary skill in the art, at higher values
of R and M there may, depending on the bit rate SBPS of SD,
be an increasing requirement to control jitter in the M-phase
PLL 224, and in the received serial bit stream SD _RCV, as
well as in the REF CILK.

FIG. 4 1s a simplified functional block diagram of a phase
sampling communication system 400 having operations simi-
lar to the FIG. 2 example system 200, with an alternative
configuration for serializing, and communicating in-phase (I)
and quadrature (Q) signals. To avoid, re-describing features
and to better focus on aspects particular to the FIG. 4 phase
sampling communication system 400 performing I-Q serial-
ization and bit recovery, like blocks in relation to the FI1G. 2
communication system 200 are given like numbering. It will
be understood, however, that a block 1 FIG. 4 being num-
bered differently than a corresponding block 1n FIG. 2 does
not necessarily mean different structure. For example, a block
of FIG. 4 1dentical 1n structure and function to a correspond-
ing block of FIG. 2 may he numbered differently to facilitate
description of respectively different example operations.

Referring to FIG. 4, the phase sampling communication
system 400 may have a serializer/transmitter 402 coupled to
a recerver/data recovery unit 406 by a transmission line 404.
The senalizer/transmitter 402 may have an I-serializer 440
that recerves J-bit I data, and a Q-senalizer 442 that receives
I-b1t Q data. With respect to specific sources for the I data and
the Q data, commumnication using I-QQ encoding i1s known to
persons or ordinary skill in the art and, therefore, further
detailed description 1s omitted. With respect to clocking the
I-serializer 440 and Q-sernalizer 442, one may use the rising
edge of SCK from the reference clock generator 208 and the
other may used the falling edge. Alternative clocking means
may become apparent to persons of ordinary skill in the art
upon view of this disclosure.

With continuing reference to FIG. 4, the 1-senalizer 440
may output a serial bit stream ISD and the Q-serializer 442
may likewise output a serial bit stream QSD, and each of ISD
and QSD may be mput to a 2:1 multiplexer 444. The 2:1
multiplexer 444 may interleave ISD and QSD 1n a bit alter-
nating manner, and output a merged serial bit stream RSD.
The total bit rate RBPS of RSD 1s therefore equal to 2 times
SCK. With respect to specific structure and operation, the 2:1
multiplexer 444 may be 1n accordance with conventional
circuitry for bit alternating bit time-division multiplexing of
two bit streams.
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With continuing reference to FIG. 4, the serial bit stream
RSD may feed a line driver or butier 446 that drives the serial
data transmission line 404 extending to a buffer 448 of the
receiver/data recovery unit 406 according to one or more of
the exemplary embodiments. The buffer 448 may receive the
transmitted RSD as RSD_RCV, which may have phase delay
and degradation 1n S/N compared to RSD. The buifer 448
may then feed RSD_RSC to a bank of R/2 phase shifted
I-phase samplers 450-1 . . . 450-R/2 (collectively “phase
shifted 1-phase samplers 450”) and, concurrently, to a bank of
phase shifted Q-phase samplers 452-1 . . . 452-R/2 (co‘lec-
tively “phase shifted Q-phase samplers 452”) The R/2 phase
shifted I-phase samplers 450-1 . . . 450-R/2 and R/2 phase
shifted Q-phase samplers 452-1 . . . 452-R/2 may be structur-
ally identical to one another, and may be structurally 1dentical
to the phase shifted samplers 220-j of the FIG. 2 phased serial
communication system 200.

In one aspect, one alternating sequence of the R phases of
ST generated by the R-phase sampling trigger generator 222
may be assigned as “odd.” The other alternating sequence of
R phases of ST may be assigned as “even.” Asillustration, odd
phases may be ST-1, ST-3 and even phases may be ST-2, ST-4.
It will be understood that the naming as to which alternating
sequence 1s named “odd” and which 1s named “even” 1s
arbitrary. Further to this aspect, each of the odd phases of ST
may control a corresponding one of the R/2 phase shifted
I-phase samplers 450-1 . . . 450-R/2. Each of the even sam-
pling phases of ST may control a corresponding one of the
R/2 phase shifted Q-phase samplers 452-1 . . . 452-R/2. Con-
tinming with this example assignment of “odd” and “even,”
the sampling phase ST-1 (the first odd phase of the R-phase
sampling trigger ST) may trigger the first phase shifted
1 -phase sampler 454-1, followed by phase ST-2 (the firsteven
phase of the R-phase sampling trigger ST) triggering the
second phase shifted Q-phase sampler 452-1. Next, phase
ST-3 (the second odd phase of the R-phase sampling trigger
ST) may trigger a second phase shifted 1-phase sampler (not
separately shown on FIG. 4), followed by phase ST-4 trigger-
ing the second phase shifted Q-phase sampler (not separately
shown on FIG. 4), and so on 1n the same alternating odd-even
sequence. As will be understood, 1t the I and Q bits within
CSD-RCYV arephase aligned with “odd” and “even” phases of
the R-phase sampling trigger ST, each cycle of ST results in
the R/2 phase shifted I-phase samplers 450 capturing a
sequence ol R12 1-bits, and the R/2 phase shifted Q-phase
samplers 452 capturing a sequence of R/2 of the Q-baits.

With continuing reference to FIG. 4, each of the R/2 phase
shifted I-phase samplers 450-1 . . . 450-R/2 may feed a cor-
responding latch 454-1 .. .454-R/2. Likewise, each of the R/2
phase shifted Q-phase samplers 452-1 . . . 452-R/2 may feed
a corresponding latch 456-1 . . . 456-R/2. Each of the latches
454-1 . . .454-R/2 and each of the latches 456-1 . . . 456-R/2
may be clocked, by the same rising edge of 1ts phase ST-7 that
triggers 1ts corresponding phase shifted sampler, similar to
the clocking of latches 232 described in reference to FIG. 2.

As one example, (assuming the R sampling phases of ST
are aligned odd-even with the I-Q bits in RSD_RCV), 1n one
such operation at sampling phase ST-1 the first phase shifted
I-phase sampler 450-1 captures anew I-bit value of SD_RCV
and, concurrently, the latch 454-1 latches the previously cap-
tured I-bit bit value SD_RCB from that first phase shifted
I-phase sampler 450-1. Likewise, at sampling phase ST-2 the
first phase shifted Q-phase sampler 452-1 captures a new
Q-phase bit value of SD_RCV and, concurrently, the latch
456-1 latches the previously captured in-phase bit value
SD_RCB from that first phase shifted Q-phase sampler 456-

1.

5

10

15

20

25

30

35

40

45

50

55

60

65

12

Retferring still to FIG. 4, 1n one aspect the latches
454-1 . . . 454-R may sequentially feed a J-bit serial-in-
parallel-out I-register 458. Likewise, the latches 456-1. . . .
456-R/2 may sequentially feed a J-bit senal-in-parallel-out
Q-register 460. A divide by J/R divider 436 may, every J/R
complete cycle of ST, clock the parallel output port (shown
but separately numbered) of the J-bit senal-in-parallel-out
I-register 458. The J/R divider 436 may, similarly, clock the
parallel output port (shown but separately numbered) of the
I-bit serial-in-parallel-out Q-register 460.

As one example of one recovery of I and () bits according
to the exemplary embodiments on a system such as the phase
sampling communication system 400, assume R=4, and
assume an example first and second (not specifically shown)
phase shifted I-phase samplers 450 and an example first and
second (not specifically shown) phase shifted Q-phase sam-
plers 452. Further assume every ST cycle consists of four
clock phases, namely ST-1, ST-2, ST-3, ST-4, ST-1, ST-2 and
on forth, with ST-1 and ST-3 respectively triggering the
example first and second I-phase samplers 450, and ST-2 and
ST-4 respectively triggering the example first and second
phase-shifted Q samplers. In this example, every ST cycle
may produce at the outputs of the first and second I-phase
samplers 450 a block of two consecutive bits of I data, and at
the outputs of the first and second Q-phase samplers 452 a
block of two consecutive bits of (Q data. As a further example,
assume the I data and the QQ data are 8-bit data and, therefore,
the senal-in-parallel-out I-register 458 and serial-in-parallel-
out Q-register 460 are each 8 bits. Setting the J/R divider 436
at 2J/R=2%*8/4=V4, (because there are only 4/2 or 2 I-phase
samplers 450 and 2 R/2 Q-phase samplers), means that every
4 ST cycles the parallel output port (shown but separately
numbered) of the 8-bit senal-in-parallel-out I-register 4358
and the parallel output port (shown but separately numbered)
(shown Q-register 460 may be clocked to generate an 8-bit I
data and an 8-bit Q-data.

With respect to phase alignment of ST with the bits of
RSD_RSC, the phase error detector 228 and controller 230
described 1n reference to FIG. 2 may be employed, using a
process such as described 1n reference to FIG. 3.

With respect to phase alignment of the “odd” phases and
“even’ phases of the R-phase sampling trigger ST relative to
the 1 phase and the Q phase of the RSD_RSC bits, detection
and correction will be described 1n order. Detecting of I-()
phase alignment may be according to conventional I-Q) serial
hit stream recervers that sample the I and the QQ bits using SCK
(Le., as shown 1n the Related Art FIG. 1) recerved from the
transmitter. Such means are known to persons ol ordinary
skill 1n the art, and therefore further detailed description 1s
omitted. With respect to correction, the detected I-Q phase
alignment may be input to the controller 230 and, 1n response,
the controller 230 may control the phase selector 226 to
switch the selection, for example by plus or minus pie (1.e., to
rotate the R-phase sampling trigger ST by 180 degrees).

As will be apparent to persons of ordinary skill in the art
from this disclosure, a phase sampling communication sys-
tem according to one or more exemplary embodiments may
encompass, and be arranged to be readily changeable or swit-
chable 1n configuration to perform methods described 1n ret-
erence to either of FIG. 2 or FIG. 4.

FIG. 5 shows one example serializer/driver 500 to perform
functions of serializing data and driving a transmission line
according to the serialized data. The FIG. 5 example seral-
izer/driver 500 may implement functions of the seralizer unit
214 and the line driver 218 1n the serializer/transmitter 202 of
the FIG. 2 serializing and phased sampling communication
system 200. Likewise, the FIG. 5 example serializer/driver
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500 may implement functions of the I-serializer 440 and the
Q-senalizer 442, as well as the line driver or butler 446 of the
I[-Q serializer/transmitter 402 of the FI1G. 4 I-Q) serializing and
phased sampling communication system 400.

Referring to FIG. 5, the serializer/driver 500 comprises a
serializer section 502 that receives multi-bit data (e.g., the
N-bit data flow PD generated by the data source 212 shown in
FIG. 2) to a serial hit stream feeding a FET-based line driver
circuit 504 and a DC-DC regulator 506 that drops the Vcc
main power supply voltage to a drive voltage VDD _Dr speci-
fied for the transmitted bit stream. The DC-DC regulator 506
may comprise a difference amplifier (shown but not sepa-
rately numbered) in the depicted arrangement. As readily
seen, power consumption by the serializer/driver 500 1s Vcc
multiplied by a total current I Total. The current I Total con-
s1sts of the current I Reg that flows from the Vcc power supply
into the current mput (not separately numbered) of the DC-
DC regulator 506 and our from the current output (shown but
not separately numbered) of the DC-DC regulator 506, added
to the current I Ser flowing to the serializer section 502. The
current 1 Reg, after flowing through the DC-DC regulator
506, becomes the current I Drive going to the line driver FETs
504. The current I Ser, after passing through the serializer
section 502, flows to ground.

To 1llustrate a power consumption of the FIG. 5 serializer/
driver 500, an example I Drive current of approximately 560
microamps will he assumed, as this corresponds to one
example type of serial bit stream transmission line that may
be used in contemplated applications of the disclosed
embodiments. An example I Ser current of approximately 300
microamps will also be assumed, corresponding to conven-
tional parallel-to-serial devices. Therefore, using these
example currents for I Ser and I Drive, a power consumption
of a device according to the FI1G. 5 serializer/driver 500 may
be 300 microamps added to 560 microamps, which equals
860 microamps, multiplied by Vcc.

FIG. 6 1s a block schematic of a current sharing serializer/
driver 600 according to one or more aspects of various exems-
plary embodiments, and 1s one alternative to the FIG. 5 seri-
alizer/driver 500 previously described. The current sharing
serializer/driver 600 comprises a DC-DC regulator 602 hav-
ing a current input terminal 602A coupled to the Vcc power
supply that drops the voltage on its current output terminal
602B to the drive voltage VDD, 1n a parallel arrangement with
a serializer 604 having an input terminal 604 A that may be
coupled to the Vcc power supply, and an output terminal
604B. Both the current output terminal 602B of the DC-DC
regulator 602 and the output terminal 604B of the serializer
604 feed a line driver current input terminal 606 A of a FET-
based line driver circuit 606, the line driver circuit 606 having,
a line driver output terminal 606B for coupling to a transmis-
s1on line (not shown). As will be readily seen by persons of
ordinary skill 1n the art, the FIG. 6 current sharing serializer/
driver 600 according to the various exemplary embodiments
performs the same functions as performed by the FIG. 5
serializer/driver 500, but may consume considerably less
power.

Referring still to FIG. 6, the benefit of a considerably lower
power 1s obtained by 1ts arrangement of the serializer 604 to
re-use the current I Ser, as part of the drive current I Drive,
instead of tlowing to ground as done by I Ser after leaving the
serializer 502 1n the FIG. 5§ senalizer/driver 500. The total
current consumed by the current sharing serializer/driver 600
1s theretfore the same as the drive current I Drive, instead of the
current I Drive added to the senalizer current 1 Ser as was
consumed by the FIG. 5 senalizer/driver 500. Assuming FIG.
6 has the same line current I Drive of 560 microamps used for
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the above-described example 1n reference to FIG. 5, and the
same serializer current I Ser of 300 microamps, the potential
savings 1s 300 microamps. In other words, the FIG. 6 current
sharing serializer/driver 600, 1n this example, may require
only 560/860 or approximately 65% of the power required by
the FIG. 5 serializer/driver 500.

FIG. 7 illustrates an exemplary wireless communication
system 700 1n which one or more embodiments of the disclo-
sure may be advantageously employed. For purposes of 1llus-
tration, FIG. 7 shows three remote units 720, 730, and 750 and
two base stations 740. It will be recognized that conventional
wireless communication systems may have many more
remote units and base stations. The remote units 720, 730, and
750 1include semiconductor devices 725, 735 and 7535 (includ-
ing on-chip voltage regulators, as disclosed herein), which are
among embodiments of the disclosure as discussed further
below. FIG. 7 shows forward link signals 780 from the base
stations 740 and the remote units 720, 730, and 750 and
reverse link signals 790 from the remote units 720, 730, and
750 to the base stations 740.

In FIG. 7, the remote unit 720 1s shown as a mobile tele-
phone, the remote unit 730 1s shown as a portable computer,
and the remote unit 750 1s shown as a fixed location remote
unit 1n a wireless local loop system. For example, the remote
unit may be one or more of a mobile phone, hand-held per-
sonal communication systems (PCS) unit, portable data units
such as a personal data assistant, navigation devices (such as
GPS enabled devices), set top box, music player, video
player, entertainment unit, fixed location data unit such as a
meter reading equipment, or any other device that stores or
retrieves data or computer mstructions, or any combination
thereof. Although FIG. 7 illustrates remote units according to
the teachings of the disclosure, the disclosure 1s not limited to
these exemplary 1llustrated units. Embodiments of the disclo-
sure may be suitably employed in any device which includes
at least one semiconductor die having active integrated cir-
cuitry including memory and on-chip circuitry for test and
characterization.

Those of skill 1n the art will appreciate that information and
signals may be represented using any of a variety different
technologies and techniques. For example, data, instructions,
commands, information, signals, bits, symbols, and chips that
may be referenced throughout the above description may be
represented by voltages, currents, electromagnetic waves,
magnetic fields or particles, optical fields or particles, or any
combination thereof.

Further, those of skill in the art will appreciate that the
various 1illustrative logical blocks, modules, circuits, and
algorithm steps described in connection with the embodi-
ments disclosed herein may be implemented as electronic
hardware, computer solftware, or combinations of both. To
clearly illustrate this interchangeability of hardware and soft-
ware, various 1illustrative components, blocks, modules, cir-
cuits, and steps have been described above generally 1n terms
of their tfunctionality. Whether such functionality 1s imple-
mented as hardware or software depends upon the particular
application and design constraints imposed on the overall
system. Skilled artisans may implement the described func-
tionality in varying ways for each particular application, but
such 1implementation decisions should not be interpreted as
causing a departure from the scope of the present invention.

The methods, sequences and/or algorithms described 1n
connection with the embodiments disclosed herein may be
embodied directly i hardware, in a software module
executed by a processor, or 1n a combination of the two. A
software module may reside in RAM memory, flash memory,
ROM memory, EPROM memory. EEPROM memory, regis-
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ters, hard disk, a removable disk, a CD-ROM, or any other
form of storage medium known in the art. An exemplary
storage medium 1s coupled to the processor such that the
processor can read information from, and write information
to the storage medium. In the alternative, the storage medium
may be integral to the processor.
Accordingly, an embodiment of the invention can include a
computer readable media embodying a method for phase
sampling a recerved serial bit stream as according to methods
of described embodiments. Accordingly, the invention 1s not
limited to illustrated examples and any means for performing
the functionality described herein are included 1n embodi-
ments of the invention.
While the foregoing disclosure shows illustrative embodi-
ments of the invention, 1t should be noted that various changes
and modifications could be made herein without departing
from the scope of the ivention as defined by the appended
claims. The functions, steps and/or actions of the method
claims 1n accordance with the embodiments of the invention
described herein need not he performed 1n any particular
order. Furthermore, although elements of the invention may
be described or claimed 1n the singular, the plural 1s contem-
plated unless limitation to the singular 1s explicitly stated.
What 1s claimed 1s:
1. A method for recovering bits from a serial bit stream
signal having a given bit rate, comprising:;
receiving the serial bit stream signal concurrently at R
different phase shifted samplers, where R 1s at least two;

generating an M-phase signal, wherein M 1s at least an
integer multiple of R, comprising M/R candidate sets of
R phases, each candidate set of R phases comprising R
phases equally spaced according to the mnverse of the bit
rate,

selecting one of the M/R candidate sets of R phases as a

selected R-phase sampling trigger comprising R con-
secutive trigger phases equally spaced according to the
inverse of the bit rate;

triggering the R phase shifted samplers, one at a time, each

at a sampling time corresponding to one among the R
consecutive trigger phases of the selected R-phase sam-
pling trigger, to obtain at the R phase shifted samplers a
block of R consecutive bits of the serial bit stream signal;
and

adjusting a phase of the R-phase sampling trigger relative

to the serial bit stream by selecting another of the M/R
candidate sets of R phases as the selected R-phase sam-
pling trigger.

2. The method of claim 1, wherein the serial bit stream
signal carries N-bit data, and the method further comprises
repeating said triggering the R phase shifted samplers and, at
cach repeat, recovering another block of R bits of the N-bit
data until N parallel bits are obtained.

3. The method of claim 1, further comprising detecting a
phase difference between the R-phase sampling trigger and
the serial bit stream signal, and wherein said selecting the
another of the M/R candidate sets of R phases as the selected
R-phase sampling trigger 1s based on a result of said detecting
a phase difference.

4. The method of claim 1, wherein each triggering of each
phase shifted sampler includes causing the phase shifted sam-
pler to generate at its output a sampled binary output having,
a value o1 “0” or *“1” that indicates a comparative value at the
corresponding sampling time among the R consecutive sam-
pling times of the serial bit stream signal relative to a given
binary decision threshold.

5. The method of claim 1, wherein said serial bit stream
signal comprises bits of a first signal and a second signal, 1n an
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alternating sequence, and wherein said triggering the R phase
shifted samplers obtains at a first plurality of the R phase
shifted samplers a block of a first plurality of consecutive bits
of the first signal and obtains at a second plurality of the R
phase shifted samplers a block of a second plurality of con-
secutive bits of the second signal.

6. The method of claim 5, wherein the consecutive sam-
pling times alternate 1n sequence between even sampling
times and odd sampling times, and each of the first plurality of
the R phase shifted samplers 1s triggered at a corresponding
one of the even sampling times and each of the second plu-
rality of the R phase shifted samplers 1s triggered at a corre-
sponding one of the odd sampling times.

7. The method of claim 6, wherein the first signal corre-
sponds to an 1n-phase (I) signal and the second signal corre-
sponds to a quadrature (QQ) signal.

8. The method of claim 6, wherein said serial bit stream
signal carries alternating I and Q bits of a J-bit I data and a
I-bit Q data, respectively, and wherein said repeating 1s
repeated at least J/2R repetitions to recover the J-bit I data and
the J-bit Q data.

9. The method of claim 8, wherein each triggering of each
phase shifted sampler includes causing the phase shifted sam-
pler to generate at its output a sampled binary output having
a value of “0” or “1” that indicates a comparative value, at the
corresponding sampling time among the consecutive sam-
pling times, of the serial bit stream signal relative to a given
binary dec1810n threshold,

wherein R 1s four, and
wherein each repetition obtains at the first plurality of

phase shifted samplers a block of two consecutive bits of

the J-bit I data and at the second plurality of phase
shifted samplers a block of two consecutive bits of the

I-b1t Q data.

10. An apparatus for recovering bits from a serial bit stream
signal having a given bit rate, comprising:

R different phase shifted samplers for concurrently recerv-

ing the serial bit stream signal;

means for generating an M-phase signal, wherein M 1s at

least an integer multiple of R, comprising M/R candidate
sets of R phases, each candidate set of R phases com-
prising R phases equally spaced according to the inverse
of the bait rate,

means for selecting one of the M/R candidate sets of R

phases as a selected R-phase sampling trigger compris-
ing R consecutive trigger phases equally spaced accord-
ing to the inverse of the bit rate; and

means for triggering the R phase shifted samplers, one at a

time, at each at a sampling time corresponding to one
among the R consecutive trigger phases of the selected
R-phase sampling, to obtain at the R phase shifted sam-
plers a block of R consecutive bits of the serial bit stream
signal,

wherein the means for selecting 1s configured to adjust a

phase of the R-phase sampling trigger relative to the
serial bit stream by selecting another of the M/R candi-
date sets of R phases as the selected R-phase sampling
trigger.

11. The apparatus of claim 10, further comprising means
for detecting a phase difference between the R-phase sam-
pling trigger and the serial bit stream signal, and wherein said
means for selecting one of the M/R sets of R phases set 1s
turther configured to select the another of the M/R candidate
sets as the selected the R-phase sampling trigger based on a
result of said detecting a phase difference.

12. The apparatus of claim 10, wherein the apparatus 1s
integrated 1n at least one semiconductor die.
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13. The apparatus of claim 10, further comprising a device,
selected from the group consisting of a set top box, music
player, video player, entertainment unit, navigation device,
communications device, personal digital assistant (PDA),
fixed location data umit, and a computer, into which the appa-
ratus 1s integrated.

14. An apparatus for recovering bits from a serial bit stream
signal having a given bit rate, comprising:

a serial bit stream receiver having an iput and an output;

a plurality of R different phase shifted samplers, each hav-
ing a signal iput coupled to the output of the serial bat
stream receiver, and each having a triggering input;

an M-phase signal generator, wherein M 1s at least an
integer multiple of R, configured to generate M/R can-
didate sets of R phases, each candidate set of R phases
comprising R phases equally spaced according to the
inverse of the bit rate;

a phase selector, configured to select one of the M/R can-
didate sets of R phases as a selected R-phase sampling
trigger having R consecutive trigger phases equally
spaced according to the mverse of the bit rate; and

R phase taps coupled to the phase selector, each phase tap
configured to output a corresponding one of the R con-
secutive equally spaced triggering phases of the selected
R-phase sampling trigger, and each phase tap coupled to
a corresponding one of the R phase shifted samplers,

wherein the phase selector 1s configured to adjust a phase of
the R-phase sampling trigger relative to the serial bit
stream by selecting another of the M/R candidate sets of
R phases as the selected R-phase sampling trigger.

15. The apparatus of claim 14, further comprising a phase
error detector configured to recerve a reference phase corre-
sponding to one or more of the R equally spaced triggering
phases and coupled to the output of the serial bit stream
receiver, configured to generate a phase error signal indicat-
ing a phase difference between the reference phase and the
serial bit stream signal, and wherein said R-phase sampling
trigger generator 1s configured to select the another of the
M/R sets of the R equally spaced phases based on said phase
error signal.

16. The apparatus of claim 14, wherein each phase shifted
sampler 1s configured to output, 1n response to a given trig-
gering signal, a sampled binary output having a value of “0”
or “1”” that indicates a comparative value, at the phase shifter
sampler’s corresponding sampling time, of the serial bat
stream signal relative to a given binary decision threshold.

17. The apparatus of claim 14, wherein the apparatus 1s
integrated 1n at least one semiconductor die.

18. The apparatus of claim 14, further comprising a device,
selected from the group consisting of a set top box, music
player, video player, entertainment unit, navigation device,
communications device, personal digital assistant (PDA),
fixed location data unmit, and a computer, into which the appa-
ratus 1s integrated.
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19. A senal bit transmitter comprising:

a serializer having a parallel data input, a serial bit output,
a current mput terminal coupled to a power supply and
having a current output terminal;

a DC-DC regulator having a current input terminal coupled
to the power supply and a current output terminal
coupled to the current output terminal of the serializer;

a line driver circuit having a serial bit input coupled to the
serial bit output terminal of the serializer and having a
line driver current mnput terminal coupled to the current
output terminal of the serializer, and a line driver output
terminal for outputting a line drive current to an external
transmission line,

wherein a total current delivered by the line driver circuit 1s
the sum of a current from the current output terminal of

the serializer and a current from the current output ter-
minal of the DC-DC regulator, and

wherein the total current 1s the line drive current.

20. A method for recovering bits from a serial bit stream
signal having a given bit rate, comprising:

step for recerving the serial bit stream signal concurrently
at R different phase shifted samplers, where R 1s at least
two;

step for generating an M-phase signal, wherein M 1s at least
an integer multiple of R, comprising M/R candidate sets
of R phases, each candidate set of R phases comprising

R phases equally spaced according to the inverse of the
bit rate,

step for selecting one of the M/R candidate sets of R phases
as a selected R-phase sampling trigger comprising R
consecutive trigger phases equally spaced according to
the inverse of the bit rate;

step for triggering the R phase shifted samplers, one at a
time, each at a sampling time corresponding to one
among the R consecutive trigger phases of the selected
R-phase sampling trigger, to obtain at the R phase
shifted samplers a block of R consecutive bits of the
serial bit stream signal; and

step for adjusting a phase of the R-phase sampling trigger
relative to the sernial bit stream, wherein the adjusting
comprises repeating the step for selecting, to select
another of the M/R candidate sets of R phases as another
selected R-phase sampling trigger, and repeating the
step of triggering based on the another selected R-phase
sampling trigger.

21. The method of claim 20, further comprising step for
detecting a phase difference between the R-phase sampling
trigger and the serial bit stream signal, and wherein said step
for adjusting selects another of the M/R candidate sets of
phases based on a result of said detecting a phase difference.
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